Abstract One Large-scale coral transplantation using coral fragments has been implemented at the shallow lagoon in Kuta Beach, Bali Island, Indonesia. Monitoring and maintenance works after fixing coral fragments were continued for 1.5 years to observe the coral growth and survival conditions. The high survival rate and significant growth of transplanted corals were observed for branching and foliose type coral species, which were brought from the same coral reef area. The present results were mainly due to favourable environmental conditions of Kuta Lagoon, such as appropriate water temperature for coral growth ranging from 24 to 30℃, absence of storm disturbances and natural predators, etc.
Introduction
The beach conservation project has been conducted at Kuta Beach in Bali Island, Indonesia as an official development assistance (ODA) project financed by the Japanese government in order to restore the sand beach, which was damaged and has disappeared due to erosion.
The Kuta Lagoon has also been damaged by large-scale coral mining, which were conducted in the 1960s to 1970s in order to obtain building materials, particularly for the construction of the runway in the 1960s at Kuta Lagoon.
Coral transplantation using coral fragments has been carried out to rehabilitate the damaged coral communities at Kuta Lagoon ). The total area of coral transplantation was 1 ha, and high survival and growth were required in the implemented beach conservation project. The objectives of this paper are to introduce the method of coral transplant-tation, to show the condition of transplanted corals and the change of environmental conditions in the surrounding area, 1.5 years after the coral transplantation. Fig. 1 shows the location where the coral transplantation was implemented. Kuta Lagoon is located at the southwest region of Bali Island, with 2.5 km longshore distance and 0.5 to 1.3 km on-and offshore distance. The coral transplan tation was carried out at "Area A", which is 700 m away from the shore (Fig.1 
Materials and methods

Natural condition
The 
Species and number of corals transplanted
The corals found at the construction site of the offshore breakwater (BW2) in Fig. 1 were used as donor corals.
Eighteen genera with 37 species of corals were observed at that area. Among them, Acropora nobilis occupied more than 90%. From the results of field experiments carried out prior to the actual implementation, the highest survival rate and growth were obtained by Acropora nobilis (Endo et al. 2006 . Due to this reason, Acropora nobilis was regarded as the main species of donor coral. Montipora sp., Turbinaria sp. and massive corals have also been used even though they were scarce. Table 2 shows the species and number of fragments of each coral. Furthermore, other donor corals such as Acropora sp., were transported from the coral farm from another beach (Candy Dasa Beach) which is located 42 km away from Kuta Beach, and added to the transplantation.
Procedure of transplantation
Small holes for fixing coral fragments were drilled on the surface of limestone substrate on land, prior to installation. The holes (9 pairs) were arranged equally on the surface (0.8-1.5 m 2 ), which received coral transplants, providing sufficient space for future growths of coral fragments. For the substrate, which was placed at peripheries of each block, additional three pairs of holes were drilled on the side surface to fix the fragments. The space for fastening the pair of holes was kept at 7 to 8 cm, which is adjusted to satisfy the size of the coral fragment. After Table 1 Total number of substrates and coral fragments drilling holes, limestones were carried by using a flat barge from land and placed at the transplantation area.
The total numbers of substrates set in one block (25 m square) were 700 to 800 pieces. During the placing work, attention was paid in controlling the level to keep sufficient water depth above the surface of the substrate for coral transplantation.
The existing coral colonies at BW2 area were collected by divers using a steel chisel and a hammer.
Seventy underwater coral tables made of steel bars and wire nets, measuring 1 m long by 2 m wide, were installed near the transplantation area as shown in Fig. 1 . The collected donor colonies were kept in a styrene box filled with seawater, and brought to the coral table for acclimation. The distance from the collection site to the coral After acclimation, the colonies were fragmented to make coral fragments of 5 to 10 cm in length. Cutting works were carried out underwater in order to minimize the stress to the coral pieces. Cut pieces produced much mucus; thus, coral fragments were transplanted after they have recovered completely, which took two to three days.
Before fixing, the substrates were cleared using a wire brush to remove sediments and algae.
Coral fragments were transplanted using two nails and plastic cable tie (Fig. 4) . In order to speed up the work, systematic underwater procedure was required. Thus, the divers were divided into three groups: the first group was for the cleaning of substrate; the second for driving nails;
and the third for fixing the corals. Nails and cable ties were used for branching corals, but the massive type corals were fixed using epoxy fixative.
Consideration during fixing work
Two main factors may affect the survival and growth of corals. The first one is related to unsatisfactory fixing work and the second is due to physical, chemical and biological impacts after the fixing work. It is of primary importance to conduct careful and certain fixing work for successful self-attachment of coral pieces. This coral transplantation work was part of the implemented beach conservation project of the government; and thus, high survival rate is required. According to the technical specifications for this work, more than 70% of survival rate must be achieved at the end of the project (1.5 years later after the completion of first stage coral transplan tation). In order to accelerate self-attachment, the soft part 
Results and Discussion
Growth condition
The growth of transplanted corals was monitored until 1.5 years after the fixing works (Onaka et al. 2009 ). Fig. 5 and 6 show the growth condition of Acropora nobilis, Montipora sp. and Turbinaria sp. Fig. 8 shows the growth expressed in terms of size relative to that of the initial size.
Acropora nobilis and leafy corals, particularly Acropora nobilis, grew rapidly.
As shown in Fig. 8 , in 1.5 years, the height and width for Acropora nobilis; 5.6 times and 3.3 times, respectively, for Montipora sp.; and 1.8 times both in height and width for Turbinaria sp. The average growth rate after the initial 5-10 cm pieces were 13.1 cm/year in height and 17.2 cm/ year in width for Acropora nobilis; 1.9 cm/year in height and 9.3 cm/year in width for Montipora sp.; and 1.9 cm/ year in height and 5.3 cm/year in width for Turbinaria sp. This shows a similar seasonal trend, the high growth during high seawater temperature period, and vice versa. Fig. 7 shows the spatial growth condition for coral colonies. The transplanted corals grew well and in 1.5 years, the coral community was established over a wide area.
Survival rate
The survival rates of transplanted corals for the first stage obtained from the 196 corals were estimated to be 97.4% , and 96.9% in 5 months and 9 months, respectively, after fixing. Furthermore, 1.5 years after the fixing works The survival rate of 54 massive corals (except for Goni opora sp.) after 1.5 years was 96%. Despite such a high rate, the soft part of some massive corals reduced with time. On the other hand, the survival rate of Goniopora sp. as calculated for 25 colonies was 28% after 1.5 years.
The survival rate of Acropora sp. (157colonies), which were transported from another lagoon (Candy Dasa Beach) was 57% after 1.5 years. The donor corals from Candy Dasa Beach were cultured at a farm for commercial purposes, and this Acropora sp. was not found in Kuta
Lagoon. Although it is difficult to conduct direct com
parison, it appears that the survival rate of the transplanted corals From a different location was lower than that corals obtained at the same location.
Creation of new fish habitat
In order to achieve high survival and growth rates, coral species to be transplanted were selected to fulfil such re quirement. This, on the other hand, decreases diversity of coral species. However, the established coral commu ni ty gathers a variety of organisms and totally increases species diversity (Nishihira 1996) . At present, a large scale coral community of about 1 ha. could be established through coral transplantation, and A diverse community of fishes and crustacenas, which were not seen previously in Kuta Lagoon, are inhabiting this coral community this community. Based on visual investigation carried out 5 months after the first stage of transplantation, more than 34 species of fish had been observed (Fig. 10) . 2) Proper growth of transplanted corals was observed.
Conclusions
Especially, Acropora nobilis and leafy corals such as Montipora sp. and Tubinaria sp. grew rapidly. 3) The average growth rate after initial 5-10 cm pieces was 13.1 cm/year in height and 17.2 cm year −1 in width for Acropora nobilis; 1.9 cm/year in height and 9.3 cm year 
